Collaboration of JNKs and ERKs in nerve growth factor regulation of the neurofilament light chain promoter in PC12 cells.
Nerve growth factor (NGF) induces transcription-dependent neural differentiation of PC12 cells, and the ERK family of MAPKs has been implicated as the dominant signal pathway that mediates this response. We employed a neurofilament light chain (NFLC) promoter-luciferase (NFLC-Luc) reporter to define the role of the ERKs as well as additional MAPK pathways in NGF induction of this neural specific gene. Constitutive active forms of c-Raf-1, MEKK1 and MKK6, proximal regulators of the ERKs, JNKs, and p38 MAPKs, respectively, all stimulated NFLC-Luc activity. NFLC-Luc activity stimulated by NGF, however, was partially (approximately 50%) inhibited by the MEK inhibitor, PD098059, or by co-transfection of kinase-inactive MEK1 but not by the p38 MAPK inhibitor, SB203580, indicating a role for the ERKs, but not the p38 MAPKs, in NGF regulation of the NFLC promoter. Importantly, a gain-of-function MKK7-JNK3 fusion protein stimulated NFLC-Luc and synergized with gain-of-function c-Raf-1 to activate the NFLC promoter. In addition, transfection of kinase-inactive forms of MEK1 and MKK7 produced an additive inhibition of NGF-stimulated NFLC-Luc relative to either inhibitor alone. These findings indicate that the ERK and JNK pathways collaborate downstream of the NGF receptor for regulation of the NFLC promoter. Truncation analysis and electromobility shift assays established the requirement for a cAMP-response element/activating transcription factor-like site in the NFLC promoter that minimally interacts with constitutively expressed cAMP-response element-binding protein and JunD as well as c-Jun which is induced by NGF in an ERK-dependent manner. Cumulatively, these findings indicate that the ERK pathway requires collaboration with the JNK pathway for maximal activation of the NFLC gene in PC12 cells through the integrated control of c-Jun function.